INTRODUCTION
Activation of T lymphocytes by mitogenic lectins or monoclonal antibodies (mAb) trigger an early increase in cytosolic free Ca2+ concentration ([Ca2t]1), which appears of most importance for stimulation of T cells, because depletion of extracellular Ca2+ abrogates the activation process, and conversely Ca2+ ionophores can be mitogenic [1] [2] [3] [4] [5] [6] . In Indo-1-loaded T cells, the CD3-induced changes in [Ca2+]i comprise a large transient peak and a lower sustained plateau [7] . The first phase is attributed to release from internal stores, and the second, which depends on extracellular Ca2+ concentration, results from a transmembrane uptake due to an increased rate of influx, a decreased rate of efflux, or both. The sensitivity of this uptake to pharmacological drugs does not match any characterized Ca2+ channel, and it has often been proposed that Ca2+ uptake and release are linked, whether they are operated by related mediators [8] , or according to a capacitative model [9] . This last hypothesis was reinforced especially as specific inhibitors of endoplasmic-reticulum Ca2t-ATPase are able to trigger Ca2' entry in many cell types [10] [11] [12] , and to activate T cells [13] .
In Jurkat T cells phorbol 12-myristate 13-acetate (PMA) and other protein kinase C activators have been reported to impair CD3-mediated Ca2t flux [14] by some unknown mechanism. Because PMA triggers protein phosphorylations which can also be regulated by phosphatases, we looked at the effects of phosphatase inhibitors on the Ca2+ response of Jurkat cells to anti-CD3 mAb. We found that phenylarsine oxide (PAO), but not okadaic acid, had a similar but more potent effect than PMA. In both cases the inhibition could be a consequence of a reversal of the CD3-induced depletion of internal Ca2+ stores.
Jurkat cells. PAO and PMA prevented cells from complete depletion of intracellular Ca2t stores by an anti-CD3 monoclonal antibody (mAb) and restored, at least partially, the ionomycinsensitive pool, when added after anti-CD3 mAb. Moreover, the CD3-induced inhibition of phosphatidylserine synthesis, due to depletion of internal Ca2t stores, is reversed by PAO and PMA. Anti-phosphotyrosine immunoblot analysis show that these effects cannot be accounted for by an inhibition of CD3-induced tyrosine phosphorylations. We propose that PAO and, to a lesser extent, PMA allow the refilling of internal compartments by Ca2t, which consequently abrogates a capacitative entry of external Ca2t.
MATERIALS AND METHODS Cells
The human T cell line Jurkat was kindly supplied by Dr Figure  legends) . After an incubation period ranging from 0 to 2 h, the cells were rapidly sedimented in an Eppendorf centrifuge, the supernatants were discarded, and the cell phospholipids were extracted with chloroform/methanol. The lipid extracts were analysed by t.l.c. in a solvent system composed of chloroform/methanol/acetic acid/water (25:5:4: 1, by vol.). Authentic phospholipid standards (Sigma) were run in parallel and detected with I2 vapour. Radioactivity in lipid spots was determined by using an automatic linear radiochromatography analyser (Berthold).
Measurements of changes in Cal+
The assay of [Ca2l] , was performed by using Indo-1 (Sigma) [15] . 
Anti-phosphotyrosine Immunoblot analysis
Jurkat cells were washed twice with culture medium. Cells were suspended at 5 x 106 cells/ml in RPMI containing 5 % foetal-calf serum and 25 mM Hepes, pH 7.5, and then incubated with anti-CD3 mAb X35 (2 #g/ml) for 5 min at 37°C, alone or in the presence of PAO (2 ,uM), PMA (0.1 ,uM) or both. Stimulations were terminated by addition of 500 u1 of ice-cold stop buffer (20 mM Hepes, pH 7.4, 150 mM NaCl, 100 mM NaF, 10 mM EDTA, 10 mM Na4P2O7,2 mM Na3VO4). Cells were spun down and pellets were resuspended in 60,l of lysis buffer (stop buffer with 1% Nonidet P40, 10 ug/ml leupeptin, 1 mM phenylmethanesulphonyl fluoride, 1000 units/ml aprotinin) and incubated on ice for 30 min. Whole cell lysates were centrifuged at 15000g for 10min, and cellular extracts were analysed by SDS/PAGE on a 12%-acrylamide gel, followed by transfer to an Immobilon-P membrane (Millipore). The membranes were saturated for 16 h at 4°C in Buffer A (50 mM Tris/HCl, 150 mM NaCl, 5 % BSA, pH 7.5), then incubated in the same buffer with 1 ,ug/ml anti-phosphotyrosine mAb 4G10 (UBI) for 2 h at 23 'C.
The membranes were washed four times in Buffer B (50 mM Tris/HCl, 150 mM NaCl, 0.4% BSA, 0.5% Nonidet P40, pH 7.5), incubated for 1 h at 23 'C with RAM (1:1000) in Buffer A and washed four times in Buffer B. The membranes were finally incubated with 1251-Protein A (500000 c.p.m./ml) for 1 h at 23 increase was considerably lowered after a few minutes' exposure to PAO. This agent reacts with vicinal disulphide groups to form stable cyclic complexes, and it has been described as an inhibitor of protein tyrosine phosphatases [16] . The effect of PAO was dose-dependent, with an EC50 of about 0.5 ,uM (Figure la), and was reversed by 80 ,uM dimercaptopropanol, a bifunctional thiolreducing agent which was shown to reverse PAO effects [17] . On the contrary, 10 ,M okadaic acid, an inhibitor of serine/ threonine protein phosphatases 1 and 2A [18] , had little effect on the CD3-triggered Ca2+ flux ( Figure Ib) . High PMA nor PAO, nor a combination of both effectors, had a significant effect on those two pharmacologically modified Ca2+ kinetics (Figures 3a and 3c (Figure 4a) . In another experiment, cells were stimulated in the presence of 1 mM external Ca2+, and PAO, PMA or ethanol (control) was added after 5 min. External Ca2+ was then chelated by EGTA, and the ionomycin-releasable pool was measured. Figure 4(b) shows that in those conditions, too, PAO and to a lesser extent PMA partially restored the ionomycin-induced Ca2+ release. On the contrary, ionomycin remained ineffective after an exposure to thapsigargin, in the absence or presence of PAO.
PAO and PMA reverse the CD3-induced inhibition of PtdSer synthesis
In Jurkat cells [19] , as in other cells [20] , the depletion of intracellular Ca2+ pools resulted in an inhibition of PtdSer synthesis. It was thus relevant to check whether PAO and PMA, which seemed to impair the sustained depletion of internal stores release of Ca2+ from internal stores [22, 24] . Therefore we checked whether the inhibitory effect of PAO and PMA on the CD3-induced Ca2+ flux was not due to inhibition of CD3-induced tyrosine phosphorylations. Cells were exposed to 2,M PAO, 0.1 ,uM PMA, both, or 1 % ethanol (vehicle) for 5 min at 37°C, and whole cell lysates were subjected to anti-phosphotyrosine immunoblot analysis. As shown in Figure 6 , PAO or PMA induced the phosphorylation on tyrosine residues of cellular proteins. These effects were consistent with previous reports in human T cells as well as in different cell types [16, 25, 26] . PAO, and in a lesser extent PMA, increased the CD3-induced tyrosine phosphorylations of cellular substrates. In addition, the combination of both reagents has an additive effect on the level of phosphotyrosine induced by CD3 ( Figure 6 , lane 5). supposed to be mediated by InsP,, generated after phosphorylation of PLCy on tyrosine residues by a kinase associated with the CD3/TCR complex, which may be p59flyn protein [22, 24] . It seems unlikely that this mechanism could be directly affected by either PMA, which enhances in T cells serine/threonine and tyrosine phosphorylations via protein kinase C [30, 31] , or PAO, which increases tyrosine phosphorylations as a result ofinhibition of tyrosine phosphatases [16, 25] . This latter effect of PAO on tyrosine phosphorylation can also be accounted for by activation of a tyrosine kinase activity (or a combination of both mechanisms) [26] . However, our results favour the inhibition of tyrosine phosphatase activity (see Figure 6 ), as PAO (and PMA) enhance the CD3-induced tyrosine phosphorylations.
DISCUSSION
On the other hand, the sustained extracellular-[Ca2+]-dependent elevation is much more inhibited than the initial Ca2+ release. Recent work has brought several pieces of evidence that in many cell types a Ca2+ entry was secondary to the depletion of internal stores [11, 32] , and we demonstrate that CD3-activated 571 AIMM& Jurkat cells appear to follow that capacitative model [33] . Because PMA and PAO do not seriously modify the thapsigargin-induced Ca2+ intake, they presumably do not interfere with the signalling pathway from empty stores to plasma membrane. Furthermore, it is unlikely that the effects of PAO are the results of uncoupling mitochondrial oxidation, because the depletion of intracellular ATP would need prolonged action of the reagent, and would result in an increase of the intracellular level of Ca2+, due to the inhibition of ATPase. Furthermore, it would have the same action on the thapsigargin-induced Ca2+ increase. We established that PMA and PAO prevent cells from sustained depletion of internal stores, by measuring independently the ionomycinreleasable Ca21 pools, and the synthesis of PtdSer, which we have shown to be strictly dependent on the Ca2+ level within the endoplasmic reticulum [19] . This finding consistently supports the capacitative model for Ca2+ influx, in which the restoration of internal Ca2+ pools abrogates the external-Ca2+ intake. This restoration cannot be observed with thapsigargin, which directly blocks the reticulum Ca2+ pump, nor with ionomycin, which dramatically decreases the membrane permeability to Ca2 .
Whether it occurs by closing the InsP3-sensitive Ca2+ channels or by accelerating the internal calcium pump cannot yet be decided and will need further investigations.
